Summary. Following unilateral section of the trigeminal third division, the ipsilateral mesencephalic neurons showed severe shrinkage with central chromatolysis and nuclear eccentricity while the motor neurons showed mild swelling. Histochemical reactions in the mesencephalic neurons were mostly characterized by the decreased activity of phosphorylase after 16hrs and concomitant diminution of PAS-positive substances.
The increased activities of G6PDH and ACP were recognized in almost all neurons of both nuclei and in adjacent neuroglial cells. The neuropil in the motor nucleus showed remarkable decrease of SDH, ALD and LDH activities after 10 days. The results obtained were discussed in relation to chromatolysis, protein synthesis and carbohydrate metabolism in the affected neurons and surrounding neuropil.
The relation of the monosynaptic reflex arc between the mesencephalic nucleus and motor nucleus is well known in masticatory function (SZENTAGOTHAI, 1948; SMITH et al., 1967 SMITH et al., , 1968 . The closely connected nuclei of the trigeminal nerve show some histochemical characteristics different from or similar to each other (ABE and SHIMIZU, 1964; NAKAJIMA, 1965; MAEDA, 1966; SHIMIZU and ABE, 1966) . Based on the recent findings concerning these nuclei, it was attempted to observe histochemical as well as morphological changes in the affected neurons following section of the trigeminal third division. As mentioned by GEIST (1933) , CRAGG (1970) 
Results
A. General figures in the mesencephalic and motor nuclei of rats The mesencephalic neurons are pseudounipolar and easily divided into three types: small, medium-sized and large cells, as described by MAEDA (1966) and IMAMOTO and SHIMIZU (1970) . Generally the Nissl substances in these neurons are fine granular, differing from the typical tigroid bodies in the trigeminal motor neurons. The cytoplasmic matrix of the medium-sized and small neurons is more basophilic than that of large ones. The trigeminal motor nucleus is composed of large and multipolar neurons similar to the anterior horn cells of the spinal cord.
PAS reaction shows contrast in both nuclei, that is, the mesencephalic neurons are distinctly positive and the motor neurons are very weakly positive. It demonstrated that there are small granular products throughout the cytoplasm of the mesencephalic neurons especially in the medium-sized ones. Also coarse granular products often appeared, adhering to the external surface of the neurons.
In the neuropil adjacent to the mesencephalic neurons, PAS reaction is negligible while it is considerably positive in the neuropil of the motor nucleus, which shows very fine particles.
As for enzyme activities such as PHO, UDPGGT and G6PDH, there is a marked difference between the mesencephalic nucleus and motor nucleus. PHO reaction is most intense in the medium-sized or small neurons of the mesencephalic nucleus and nearly in parallel with the intensity of the PAS reaction. It shows various reaction colors ranging from pale purple to dark blue with iodine solution, corresponding to the structure of synthesized polyglucose. In the motor nucleus the neuropil also shows weak or moderate purple color of PHO reaction as well as neurons. UDPGGT activity shows brown to red color with iodine solution in the mesencephalic neurons, while it is negative or weak in the motor neurons.
On the contrary, the motor neurons show much stronger activity of G6PDH than the mesencephalic neurons. It is rather characteristic that almost all the mesencephalic neurons show extremely weak G6PDH reaction.
ALD and LDH activities are much stronger in both the sensory and motor neurons of the trigeminal nerve. The motor neurons, however, show slightly lower activity of SDH than the mesencephalic neurons. Figure  3B , only a few small neurons were positive in dark blue color. During this early period, PAS reaction was also severely altered concomitant with PHO activity in the ipsilateral side. PAS positive substances were fully preserved in the perikaryon for about 6hrs but not visible after 16hrs (Fig. 2) . At the same time, PAS positive coarse granules also disappeared from the outer surface of the mesencephalic neurons, though only a few small neurons showed diffuse PAS positive reaction. The Nissl preparations of this (Fig. 1) . The neurons, which were temporarily hyperchromic,
showed a tendency to decrease in basophilia and they became smaller and smaller in size until they were less than one half of the average. It should be emphasized that the mesencephalic neurons evidently showed chromatolytic shrinkage following neurotomy of the dendritic afferent fibers. These neurons were characterized not only by irregular shrinkage but also by nuclear eccentricity.
Small amounts of the Nissl substances were preserved in the limited area adjacent to the cell membrane and nuclear membrane of the severely damaged neurons.
Already decreased PHO, UDPGGT and PAS reactions revealed no activity in these shrunken neurons except for a few small neurons and then this histochemical condition continued for about 20 days (Fig. 4) . Even in this period, ALD and LDH reactions were well preserved in some neurons but mildly decreased in others (Fig. 5, 6 ). SDH activity was clearly decreased with cell shrinkage and it became weakest after 10 days (Fig. 7) . On the other hand, G6PDH activity became stronger in the neurons and neuroglial cells after 10 days (Fig. 8) . Though ACP reaction initially demonstrated numerous granular deposition, a few days later the cytoplasm of a shrunken neurons was compactly occupied with the homogenously reacting products. After 10 days, it became limited to the peripheral region of the shrunken neurons as shown in Figure 9B . The distribution of ACP seemed to correspond to the hyperchromic area adjacent to the cell membrane of shrunken neurons in the Nissl stained sections (Fig. 1B) .
From 20 days on after neurotomy, PHO began to exhibit weak activity again and a little later UDPGGT did also. Subsequently, the Nissl bodies seemed to be restored, but some neurons still showed a severe chromatolytic area. After 80 days, some mesencephalic neurons revealed such a degree of recovery that the Nissl pattern was similar to normal granular type and uniform distribution in the cytoplasm, and the cell nucleus was observed to migrate into the central area of the neurons.
However, the neurons in the affected side were rather small in size and the number of the neurons was decreased to about 75% of the control (about 950 cells by counting). They were so slight that the typical axonal reaction followed by central chromatolysis or nuclear eccentricity was not noticed. In the materials sacrificed after a few days the Nissl bodies had become smaller in size, and basophilic substances around the nucleus had become considerably homogenous.
As soon as the third division of the trigeminal nerve was cut, G6PDH and ACP were activated.
G6PDH was very strong throughout the cytoplasm and ACP was activated in the perinuclear region appearing as the reticular structures. The peak of both activities was on the 10th day after the operation (Fig. 12, 13 ). In the motor neurons which cotained little PAS positive substances, PHO and UDPGGT did not show severe alteration.
That was very different from the response to nerve injury of the mesencephalic neurons. PAS reaction was slightly increased in the neuroglial processes and around blood vessels from an early period. However, glycogen accumulation stopped in the later period, maintaining a little higher level in the affected side. The alterations of LDH, ALD and SDH activities in the neuropil deserve consideration now. Although these enzymes in the motor neurons showed no change, those in the neuropil distinctly showed a decrease.
Namely, these activities became negative or very weak in the neuropil after 10 days as shown in Figures  10 and 11. On the 80th day, G6PDH and ACP in the neuropil were still maintained higher than the control. In the neuropil of the motor nucleus, infiltration and multiplication of the glial cells were not particularly noticed except in a few cases. Some glial cells of the affected side were activated in G6PDH and ACP reactions as well as the mesencephalic nucleus. 
Discussion
Morphological changes following neurotomy of the trigeminal nerve resulted in two different forms.
In the mesencephalic nucleus they were characterized by cell shrinkage with central chromatolysis and in the motor nucleus by a mild swelling without chromatolysis.
The facts may suggest that the intracellular response to nerve injury is quite different from nucleus to nucleus. Further the intensity of reaction to the trauma may be more serious in the proprioceptive afferent fibers than in the efferent fibers.
Some investigators have considered that so-called chromatolysis with cell swelling was caused by hyperosmotic pressure owing to the dissolution of the Nissl bodies such as cytoplasmic RNA or nucleoproteins (GERSH and BODIAN, 1943) . On the other hand, it is said that the change in the aggregation of the Nissl bodies to small particles may be regarded as indicative of active protein synthesis (BRATTGARD et al., 1957; EDSTROM, 1959; PANNESE, 1963; BARRON et al., 1967) , and that G6PDH activity in pentose phosphate shunt is deeply concerned with the synthesis of nucleic acids (BEACONSFIELD and READING, 1964) . In this experiment, a chromatolytic change of the Nissl pattern with a marked increase of G6PDH activity was observed.
In addition, ACP is also activated during the axonal reaction in both nuclei. Some workers have stressed the relationship between ACP and cytoplasmic RNA (BODIAN and MELLORS, 1945; LAVELLE et al., 1954) , and others reported correlation with lysosomes and Golgi apparatus (BARRON and TUNCBAY, 1962; DIXON, 1967) . Based on the distribution in the affected neurons, increased activity of ACP seemed to relate to depolymerization and turnover of cytoplasmic RNA as well as lysosomes and Golgi apparatus.
During the axonal reaction increased activities of G6PDH and ACP are frequently reported in histochemical works (KREUTZBERG, 1963; SHIMIZU, 1965; NANDY, 1968; FRIEDE, 1966; SODERHOLM, 1965) , while there are few reports on PHO and UDPGGT. PHO activity, however, exhibited the earliest and most noticeable changes in the mesencephalic neurons preceding the visible morphological changes. PHO showed temporarily increased activity till about 6hrs and was followed by sudden loss of it within 16hrs in the mesencephalic nucleus. Disppearaence of UDPGGT and PAS positive substances showed nearly identical alterations with PHO. In the anterior horn cells of the spinal cord, MURATA (1959) reported a slight decrease in glycogen and phosphophorylase during 3 to 13 days of axonal reaction. The change in the mesencephalic nucleus occurs far earlier and more prominently than in MURATA's result and in that of the trigeminal motor nucleus. The reason for such an early shift in glycogenolysis and consumption of glycogen in the affected neurons is obscure.
However, it seemed that the disappearence of PAS positive substances is concerned with the appearence of a non-basophilic area in the shrunken neurons of the mesencephalic nucleus. The changes in PHO and PAS reactions are probably attributable to the peculiarity of the mesencephalic nucleus. In these neurons stored a great deal of glycogen, and the alterations in PHO or PAS reaction may be regarded as sensitive parameters of the affected neuronal function.
It is interesting that the neuropil of the ipsilateral motor nucleus showed remarkable decrease in SDH, LDH and ALD activities, though the motor neurons showed only a slight decrease. Similar findings in the motor nucleus were recently obtained by SHIMIZU (unpublished) following destruction of the mesencephalic nucleus by localized electrolysis.
In his case glycogen accumulation was observed in the neuropil of the motor nucleus as well. From these two experimental results, it is considered that the deafferentiation, either functional or morpholegical, might result in metabolic slowness and functional decrease of the synaptic area in the monosynaptic reflex arc. Functional decrease in collateral of the mesencephalic neurons may cause glycogen accumulation in the processes of astrocytes.
The decrease in ALD, LDH and SDH activities was clearly observed in the perikaryon of the mesencephalic neurons.
This result agreed with the reports by KUMAMOTO and BOURNE (1963) and NANDY (1968) during axonal reaction but did not agree with FISCHER and MALIK (1964) and HAMBERGER and SJOSTRAND (1966) .
Morphological and histochemical changes exclusively occurred in the nuclei of the ipsilateral side following neurotomy. The direct projection of the third division of the V3 nerve to the central is surely unilateral, though SMITH et al. (1967 SMITH et al. ( , 1968 , DAULT and SMITH (1969) and CANDIOLLO and GUGLIELMONE (1970) argued bilateral innervation of the mesencephalic nucleus of the cat and rat.
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